Mitochondrial electron transport chain activity, but not ATP synthesis, is required for drug-induced apoptosis in human leukaemic cells: a possible novel mechanism of regulating drug resistance.
There is increasing evidence for an association between mitochondrial function and susceptibility to apoptosis. It has been shown that the vinblastine-resistant leukaemic cell line CEM/VLB100 has a more active mitochondrial electron transport chain (ETC) than the parental CCRF-CEM cell line. Inhibition of mitochondrial DNA replication by ethidium bromide (EB) depleted the activity of the ETC and reduced cellular respiratory rate. Depletion of mitochondrial DNA was associated with increased resistance to vinblastine-induced apoptosis in both cell lines. In contrast, the highly specific inhibitor of the energy producing mitochondrial enzyme F1Fzero-ATPase, oligomycin, rendered CEM/VLB100 cells more sensitive to vinblastine by inhibiting the energy-dependent P-glycoprotein (Pgp) pump, suggesting that the effect of EB is independent of energy generation and ATPase activity. Both mitochondrial ETC depletion and ATPase inhibition decreased vinblastine-induced cell cycle changes in the CCRF-CEM cell line, suggesting that cell cycle changes are dependent on ATP generation. However, EB-induced ETC depletion in CEM/VLB100 cells inhibited apoptosis in response to high concentration of vinblastine, but not G2M arrest. We suggest that: (1) over-expression of Pgp by drug-resistant cells may up-regulate mitochondrial energy production; (2) mitochondrial ETC activity is required for DNA fragmentation in response to vinblastine, but the mechanism is independent of Pgp activity and ATP generation; (3) down-regulation of mitochondrial ETC activity may confer resistance to vinblastine-induced apoptosis; (4) the mitochondrial ETC is involved in vinblastine-induced apoptosis downstream of microtubule disruption and cell cycle changes.